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Multiperiodicity in Five Small-Amplitude Pulsating Red Giants
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ABSTRACT. We report multiperiodicity in five small-amplitudepulsatingred giants: RZ Ari, V523 Mon,
BC CMi, UX Lyn, andFS Com. For eachof thesestars,two or threeperiodsrecurin eachseasorof our 5000
daydatabasef V obsewations.The periodsandtheir ratiosare consistentvith low-orderradial pulsationmodes.
The amplitudesof the modeschangesignificantly on timescalesof 1-5 yr; specifically the amplitudesof the
dominantperiodsvary on timescalesof 2000-3500 days. Most often, the amplitudesof the modesin a given

starrise andfall in unison.

1. INTRODUCTION

GiantscoolerthanK5 Il areamostall variablein brightness
(Eyer& Grenon1997;Grenon1993;Henty et d. 2000;Jorissen
et al. 1997).K5-M9 giants makeup about10% of the starsin
theBright StarCatalogueGenerallythecoolerthestar, thelarger
the V amplitudeandthe longerthe period. The cooleststarsare
the relatively rare large-amplitudelong-periodMira stars.The
present paper deals with the much more numeroussmall-
amplitudepulsatingred giants (SAPRGS).Thesestarshave V
amplitudesof 0.05-1 magor more. The dominantperiodsof the
SAPRGsare consistentwith low-orderradial pulsationmodes,
accordingo thesmallsamplestudiedby Percy& Parkeg1998),
who comparedobsered Q-valueswith theoreticalones.The
Q-value, or pulsationconstantjs the periodin daystimesthe
root of the meandensityin solarunits. Percy& Bakos(2003)
recently analyzeda sampleof 76 SAPRGsusing the same
method.They found that about30% of the stars pulsatein the
fundamental(F) mode, about50% in the first overtone(1H),
about10% in the secondovertone(2H), and about5% in the
third overtone(3H). The very high overtoneperiodsin a small
numberof SAPRGsn theHipparcos CatalogugKoen& Laney
2000) are almost certainly spurious(Percy& Hosick 2002).

Many SAPRGsdo, however havelong seconday periods.
About a third of the starsin the Percy& Bakos(2003)sample
have such periods;the medianratio of the long seconday
periodto the dominantradial periodis about10. Largeram-
plitude semiregulavariablesalso display long seconday pe-
riods (Houk 1963; Kiss et al. 1999), aso about10 timesthe
dominantradial pulsationperiod.

Starsthatarepulsatingin two or moremodes—multiperiodic
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pulsators—providanformationaboutthemodesandalsoabout
thephysicalpropertieof thestargJorgensei Petersed967).
Multiperiodicity is obsewedin awide varietyof pulsatingstars,
includingCepheida@ndRR Lyraestars.Kisset a. (1999),using
visual data, have reported multiperiodicity in severaldozen
largeramplitudesemiregulavariables Wood (2000) hasstud-
ied pulsatingred giantsin the LMC andhasidentifiedseveral
sequences the K magnitudelog (period)diagram,andthese
canbe interpretedas stars pulsatingin different radial modes.
Percy Wilson, & Henty (2001, hereafterPWH) havere-
cently published5000 day light curves and periodsof about
three dozen SAPRGs.The 200 day light curves of someof
theseSAPRGsshowevidenceof possiblemultiperiodicity. We
analyzedfive of thesestars—RZAri, V523 Mon, BC CMi,
UX Lyn, and FS Com—thatappearedo have periodsof 50
daysor less.We choseshorterperiod variablesso we could
detemine reliable periodsfrom individual season®f data.

2. METHOD

We begarby computingpowerspectraf thefirstandsecond
halvesof the 5000day V datasetsof PWH, usingthe Fourier/
CLEAN programTS (Foster1995),which is availableon the
Web site of the American Associationof Variable Star Ob-
sewers (AAVSO), to seewhethertherewere periodsthat oc-
curred in both halves of the data set. Indeed, there were
(8 3). We notedthe presencgasexpectedpf aliaspeaksdue
to the seasonabapsin the data.

We then analyzedindividual season®f dataon eachstar
noting the two or three most prominentpeaks.Thesepower
spectravould not be affectedby aliasing.Thefirst third of the
datais sparsetthanthe lasttwo-thirds,andtherewasonein-
terval in which the telescopewvas closedfor repairsfor about
250 days. We checked,using simulations,to make surethat
using 200 day seasonatiatasetswould not havea systematic
effecton our period deteminations.

Foreachstarit wasobsewred,usingpowerperiodplots (Figs.
1-5) and stem-and-leaplot analysis(Tukey 1972), that two
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Fic. 1.—Poweiperiod plot for the dominantperiodsin the power spectra
of eachseasorof datafor RZ Ari.

or threeperiodsrecurredeachseason(The stem-and-leaplot

providesslightly more information than a histogram.It was
invented by John Tukey; in it, microdatareplacethe infor-

mation-emptybars of a traditional histogram.Tukey [quoted
in Tufte 1990] states,If we are goingto makea mark,it may
as well be a meaningfulone. The simplest—andmost use-
ful—meaningfulmarkis a digit.”) The averagevaluesof these
periodsweredeterminedor eachstar Theseperiods,andtheir
ratios, were comparedwith theoreticalvalues(Fox & Wood
1982; Ostlie & Cox 1986; Xiong, Deng,& Cheng1998),and
theyareconsistenwith low-orderradialpulsatiormodesthese
periodscould be usedto determineQ-values,and hencepul-

sationmodes,as describedn the previoussection.

Having discoveredevidencefor multiperiodicity in these
stars,we then askedthe question:How do the amplitudesof
the modesvary with time? Are the amplitudesconstantDo
they rise and fall in unison?Do they exchangeenergysuch
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Fic. 2.—SameasFig. 1, but for V523 Mon.
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Fic. 3.—SameasFig. 1, but for BC CMi.

thatthe total pulsationenergyis constanwith time?Or is the
situationmore complex?

For eachof the five stars,the seasonalight curveswere
fitted usingthe two or threeperiodsdeterminedabove,using
the Period98program(Sperl1998)availableon the Web site
of the University of Vienna.The amplitudesof eachperiod
for each seasonwere determinedand plotted againsttime
(Figs. 6-10). Recall that the datafor the first two or three
seasonaredightly sparsethantherest.

The fits of theseperiodsto the datawere not peffect; there
wereresidualsof up to afew hundredthof a magnitude This
is not unexpectedOur resultsshowedthatthe amplitudesvar
ied significantly from year to year—occasionallyfrom their
minimumto their maximumvalue—sait is to be expectedhat
they will vary during eachseason.The fits assumeconstant
amplitudesAs notedin 8 3, thereare alsootherprocessethat
could contributeto the variability.
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Fic. 4.—SameasFig. 1, but for UX Lyn.
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Fic. 5.—SameasFig. 1, but for FS Com.

3. RESULTS

Figures1-5 show the power and periodsof the principal
modes,as seenin the different seasonsThe HWHM of the
peakswastypically 3%6-5%. Clustersof recurringperiodscan
be seen.n orderof decreasingamplitude theyareas follows:
for RZ Ari, 56 and 37 days;for V523 Mon, 34, 47, and 27
days(thelattertwo approximatelyequalin averagexmplitude);
for BC CMi, 27,20,and42 days;for UX Lyn, 36 and51 days,
with a possibleshorterperiod around 27 days;for FS Com,
54 and37 days,with a possibleshorterperiodaround25 days.
The longestperiodis not alwaysthe dominantone.

The periodsof the dominantmodeswere also determined
independentlyusing the least-squareprogramPeriod98,and
similar periodsandclusteringwerefound.In oneor two cases,
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Fic. 6.—Time variationof the seasonahmplitudeof eachof the dominant
periodsfor RZ Ari.
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Fic. 7.—SameasFig. 6, but for V523 Mon.

the least-squareprogram,when appliedto a seasorof data,
would choosea period of 150 daysor longerto representhe
longertem trendsin thedata.However sincetheseasonalata
setswereonly 150-200 dayslong, theselongertimescalesre
not “periods.”

The resultsaresummarizedelowandin Tablel. Thetem-
peraturesyadii, Q-values,and modeidentificationsare taken
from Percy& Bakos(2003).In Tablel, P, isthemeanseasonal
period, R, is the meanperiodfrom the two halvesof the data,
the rank s on the basisof the meanamplitudeof the modes,
the modeis deteminedfrom the Q-valueandthe periodratio,
andR,,.andR, .. arethe obsewedperiodratiosandtherange
of possible ratios from different theoretical models,
respectively

RZ Ari.—Q-values0.028 (2H) and 0.042 (1H); the period
ratio favorsF and1H, but the disagreementanbe avoidedby
adjustingthe mass.
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Fic. 8.—SameasFig. 6, but for BC CMi.
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Fic. 9.—SameasFig. 6, but for UX Lyn.

V523 Mon.—Q-values0.029 (3H), 0.037 (2H), and 0.051
(1H); the periodratios are consistenwith thesemodes.

BC CMi.—Q-values0.033(2H), 0.045 (1H), and0.069(F);
the period ratios are consistentwith thesemodes.The power
spectreof thefirst andseconchalvesof the datasetsufferfrom
severedliasing, but thereare groupsof peaksaround19-21,
26-30, and 40-50 days.

UX Lyn.—Q-values0.029 (2H) and 0.041 (1H); the period
ratio is consistentvith thesemodes.Thelongerperiodis weak
in the first half of the dataset. Theremay be a weak period
of about29 daysin both halves.

FS Com—~Q-values0.031(2H) and0.045(1H); the periodratio
is consistenwith thesemodes.The 37-38 day periodis strongly
aliasedin the power spectraof the two halvesof the dataset.

The amplitudesdefinitely changesignificantly from season
to seasonSometimesthey changefrom a high to a low value
in consecutiveseasonsseethe first threeseason®f RZ Ari,
for instance At othertimes, it appearghat they rise or fall
consistentlyover 3-5 yr. The timescalesassociatedvith the
rise andfall of the amplitudeof the dominant periods(given
in parenthesesyrefor RZ Ari (56 days),3500days;for V523
Mon (34 days),3500days;for BC CMi (27 days),3000days;
for UX Lyn (36 days),2500days;for FS Com (54 days),3500
days. The limited length of our data set (about 5000 days)
preventsus from knowingwhetherthesdeimescalepersistwith
time. In four of the five stars,there are one or two epochs
when all of the modes have lower amplitude: BC CMi,
JD 2,449,400;V523 Mon, JD 2,447,000and 2,450,000;UX
Lyn, JD 2,448,600;FS Com, JD 2,447,2001n thesestars,the
amplitudesof the different modesfell in unisonbeforethese
datesandrosein unisonafter From a purely statistical point
of view, howevey therewere aimost asmanyinstanceof the
amplitudesof the different modeschangingin the opposite
sensefrom one seasorto the next as therewere changingin
the samesenseMany of theseinstanceshoweveywereduring
the first seasonsvhenthe datawere sparse.
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Fic. 10.—SameasFig. 6, but for FS Com.

4. DISCUSSION

We havedetectedwo or threerecurringperiodsin eachof
the five SAPRGs.Thereality of theseperiodsis demonstrated
by (1) their recurrencein almostevely seasonand (2) their
presencén thepowerspectraof boththefirstandsecondalves
of the dataset. We interprettheseperiodsas low-orderradial
pulsationmodes,on the basisof both their Q-valuesandtheir
periodratios.

For four of the five stars,the period ratios were consistent
with modeidentificationsdeteminedfrom Q-valuesassuming
masse®f 1.4 timessolar The Q-value, however is sensitive
to themass.Thefact thatthe modeidentificationsdo notagree
for one star RZ Ari, could be explainedby the choice of
assumednassDummé& Schild (1998)havepresented mass-
radiusrelationshipfor thesestars,althoughthereis no a priori
reasonwhy evely star shouldconfomm to this relation.

We mustkeepin mind that the two-periodand three-period
fits il left significantresiduals As mentionedabove this must
certainly be partly due to changesin the amplitudesduring

TABLE 1
PROPERTIES AND PERIODS OF PROGRAM STARS

Star T. RR, P, P, Rank Mode R, R odel

RZ Ari .......... 3305 145 37 377 2 2H
56 565 1 1H 15051 14251

V523 Mon ...... 3439 110 27 26.0 2 3H

34 341 1 2H 1.26-30 1.30:
47 456 2 1H 1.35-38 1.42-50

BCCMi ........ 3495 71 20 20: 2 2H
27 28 1 1H 1.35-38 1.38-49
42 45: 3 F 15660 1.58-67

UXLyn ......... 3328 133 36 372 1 2H
51 513 2 1H 1.3842 14251

FSCom ......... 3418 136 37 382 2 2H
54 554 1 1H 1.4546 14051
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individual seasonsOne possibleapproachwould be to usea
period-deteminationmethodthatcould copewith suchchanges;
we havemadepreliminary investigationof the useof wavelet
analysisfor thesestars(Percy& Kastrukoff2001;J. R. Percy
& E. Redelmeie2003,in preparation)Altematively, theresid-
uals may be dueto additionallower amplitudemodesor other
sourcesof irregular variability suchas convection.If thereare
large convectioncells in the outerlayersof the stars,thenthey
may producebrightnessvariationson the convectiveturnover
time. They may also producerotational variationsif different
hemispheref the stars have different averagebrightnesses.
They may also producedeviationsfrom radial symmety that
will perturbthe radial modes.Residualscould also occurif the
oscillationswere nonsinusoidalWe lookedfor harmonicpeaks
in the powerspectraput therewerenoneabovethe noiselevel.
Also, themonoperiodiosariablesshownin Figuresl—7 of PWH
havelight curvesthat appearto be sinusoidal.

Lebzelter(1999)andLebzeltey Kiss, & Hinkle (2000)have
raisedthe sameissuein connectionwith radial velocity ob-
sewvationsof semiregularvariables,but recentmeasurements
(Lebzelter& Hinkle 2002)showthatwhile theremaybe some
deviationfrom regularlight variability dueto convectivecells,
the main causeis mostlikely stellar pulsation.

Anothercaveais thatour resultsdependslightly onwhether
we fit eachseasorof datawith the meanperiodsgiven above
or with the periodsthat were actuallydeteminedfor thatsea-
son. We have assumedthat each star has pemanentradial
pulsationperiodsand that the meanperiodsare the bestap-
proximationto these.

The amplitudesof the dominantradial modescan change
from seasorto seasonand they havea tendencyto rise and
fall on atimescaleof 2506-3500days.This timescalds much
longerthanthe"longseconday periods”of brightneswariation
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that occur in someof thesestars.RZ Ari, V523 Mon, and

BC CMi do not haveknown long seconday periods;thelong

seconday periodsof UX Lyn and FS Com are 420 and 675

days,respectively The growth ratesy (the fractionalincrease
in amplitude per cycle) for models appropriatefor our five

SAPRGsarein therange0.03-0.15 (Fox & Wood1982;0stlie

& Cox 1986),so the timescalesareconsistentvith the natural
growth (or decay)timesfor the modes.

As usual,our resultswould be firmerif we hadlongerdata
seton morestars.It would also helpto havetheoreticaimodels
that are more specificallydesignedor thesestars,ratherthan
for Mira stars.

5. CONCLUSIONS

At least five small-amplitude pulsating red giants show
strongevidenceof multiperiodicity. The periods,andtheir ra-
tios, are consistentwith low-order radial pulsation. The am-
plitudes of the dominant modes vary on timescales of
2500-3500 days.In a given star thereis sometendencyfor
the amplitudesof the two or three modesto rise and fall in
unison.
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